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likely to die during the study period (p = .049). For dentate 
participants, the protective effect of being in the interven-
tion group was confirmed by multivariate analysis in which 
covariates such as age and gender were considered.
Conclusion Oral hygiene and oral health seem to affect the 
risk of mortality of nursing home residents. Dental interven-
tion programs seem to reduce the risk of 1-year mortality 
among nursing home residents having remaining natural 
teeth. Further studies, with larger sample sizes and evalua-
tion of the causes of death, are necessary to investigate the 
reasons for these associations.

Keywords Oral health · Dental plaque · Nursing home · 
Mortality

Background

Ongoing demographic changes include trends toward a 
greater proportion of elderly people and an increased need 
for care. As a consequence, many elderly people live in nurs-
ing homes. Compromised oral hygiene is a major concern in 
long-term care, especially for those with motor and cognitive 
impairment and dementia.

In the long term, dental plaque causes periodontal dis-
ease and caries [1–3]. Caries has been found to be the most 
prevalent condition world-wide; periodontitis the sixth-most 
prevalent condition [4, 5]. Both diseases are, unfortunately, 
almost ubiquitous among care-dependent nursing home resi-
dents, and both lead to tooth loss. Tooth loss, in turn, leads 
to limited oral function, which is only partially, and inad-
equately, corrected by use of removable dentures [6]. Further 
reduction of chewing function and, therefore, nutrition may 
arise as a result of the ill-fitting and non-retentive dentures 
frequently encountered among nursing home residents [6]. 

Abstract 
Aim The objective of this controlled clinical study was to 
evaluate the association between oral health and 1-year mor-
tality among nursing home residents with or without oral 
health intervention.
Methods This research was part of a multidisciplinary 
intervention study (EVI-P) performed in 14 nursing homes 
in Germany. Two-hundred and nineteen nursing home 
residents were included in the study and assigned to an 
intervention group, for which dental health education was 
offered and ultrasonic baths were used for denture cleaning 
(n = 144), or to a control group (n = 75). Before the inter-
vention, each participant was examined, and dental sta-
tus, plaque control record (PCR), Denture Hygiene Index, 
and results from the Revised Oral Assessment Guide were 
recorded. Amount of care needed and dementia were also 
assessed, by use of the Barthel Index and the Mini Mental 
State Examination, respectively. Participant mortality was 
determined after 12 months, and bivariate analysis and logis-
tic regression models were used to evaluate possible factors 
affecting mortality.
Results Bivariate analysis detected a direct association 
between greater mortality and being in the control group 
(p = .038). Participants with higher PCR were also more 
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Periodontitis can also be directly correlated with several sys-
temic diseases, for example diabetes mellitus and cardio-
vascular diseases [7–13]. Aspiration pneumonia, is another 
highly prevalent (50% of people aged >65 years), commonly 
plaque-induced, disease among the elderly, and it has been 
shown that the risk of pneumonia can be reduced by the 
reduction of dental plaque [14–16].

Systemic diseases, in turn, result in a greater risk of 
mortality. Among multimorbid elderly people, however, 
interactions among diseases and their effect on mortality 
are rather complex. Malnutrition, lower cognitive ability 
[17, 18], and greater care dependency [19] independently 
imply an increased risk of mortality. In addition to the risk 
of mortality from systemic diseases, some oral diseases have 
also been found to independently affect the risk of mortality 
[13, 14, 20, 21]. For patients suffering from periodontitis, a 
twofold greater risk of cardiovascular disease-related mor-
tality and a fourfold greater risk of mortality from pneumo-
nia have been reported in the literature [14, 16]. A greater 
risk of mortality has, furthermore, been detected among 
people with more dental treatment needs and signs of acute 
oral infections [22]. Oral health-related factors, for example 
retentive and well-fitting dentures or more natural teeth, have 
also been found to be associated with better nutritional sta-
tus and lower care dependency [23–27], although improved 
chewing function does not inevitably result in improved 
nutrition [6].

Aim

As far as the authors are aware, no study has addressed pos-
sible independent risks of compromised oral health or pos-
sible protective factors, for example oral health intervention, 
on mortality among nursing home residents. The purpose of 
this controlled clinical study was to identify the effect of oral 
health on the mortality of elderly people living in nursing 
homes with or without oral health intervention.

Methods

Study setting and intervention implemented

The study protocol was approved by the local review 
board of the University of Heidelberg (registration number 
S-002/2012). This research was a part of controlled interven-
tion study (EVI-P) performed in 14 nursing homes in South-
Western Germany (federal state Baden-Württemberg). The 
ministry of social affairs randomized the nursing homes to 
intervention (eight homes) and control (six homes) groups. 
The nursing homes differed in location and capacity. The 
only inclusion criteria were that participants had to give 

written consent and had to have natural teeth and/or remov-
able dental prostheses. Of the 14 nursing homes with a total 
of about 1000 residents (as the inclusion in the homes was 
consecutive this number varied), 269 residents fulfilled the 
inclusion criteria and were initially included in the study. 
Of the participants initially included, 50 refused assessment 
by use of the Mini Mental State Examination (MMSE) and 
were excluded from analysis of the results of the research 
(Fig. 1). The final number of participants analyzed thus 
was 219 (81%). The mean (SD; range) number of residents 
included, per nursing home, was 15.6 (8.1; 5–36).

In the intervention group (n = 144 participants) a 2-day 
oral health program was implemented including dental edu-
cation, instruction in standardized assessment of oral health 
for non-dentists, and introduction of ultrasonic baths for 
denture cleaning [28]. In the intervention homes a total of 
87 care givers participated in the educational part of the 
intervention. No interventions were performed in the con-
trol homes. Among participants in the intervention group, 
dental and denture hygiene improved substantially between 
baseline and 6-month follow-up whereas no changes of oral 
health were observed in the control group. The improve-
ments of dental and denture hygiene in the intervention 
group were stable until the 12-month follow-up examination.

For ethical reasons the intervention was implemented in 
the control group after the end of the study.

Socio‑demographic and medical data, care dependency, 
and dementia

Socio-demographic and medical data were obtained from 
care documentation. Age, gender, number of chronic dis-
eases, and commonly taken medication were recorded. Par-
ticipants’ cognitive state was evaluated by four psycholo-
gists by use of the Mini Mental State Examination (MMSE) 
[29]. In this examination participants are asked to perform 
30 tasks and are awarded one point for each task success-
fully completed, so the total score could range from 0 to 30. 
Scores equal to or below 20 are regarded as indicative of 
dementia [29]. Care dependency was evaluated by use of 
the Barthel Index (BI, score 0–100 points). To determine 
BI, the amount of care required to enable participants to 
perform activities of daily living (e.g., showering, eating, 
use of the toilet, etc.) was assessed. Higher scores imply less 
care dependency, and vice versa [30].

Assessment of oral health

Each participant underwent a comprehensive dental exami-
nation performed by two trained and calibrated dentists. This 
examination included assessment of dental status (number of 
natural teeth, type of denture). For analytical purposes, the 
type of denture was assigned to one of the three categories: 
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(1) natural teeth or fixed dental prosthesis (FDP); (2) remov-
able dental prosthesis (RDP); (3) edentulous with complete 
denture (CD). This categorization 1., 2., or 3. based on the 
weaker kind of prosthesis are worn in maxilla and mandible 
(e.g., complete denture in the maxilla and RDP in the man-
dible = complete denture).

Oral hygiene was evaluated by use of the Plaque Control 
Record (PCR). Four sites of each tooth present were tinted 
with a plaque indicator (Mira-2-Ton; Hager & Werken, 
Duisburg, Germany). After rinsing with water, PCR was 
calculated as the ratio of plaque-positive sites to all available 
sites, expressed as a percentage [31]. The Denture Hygiene 
Index (DHI) was used to estimate denture hygiene [32]. To 
evaluate DHI, removable dentures were tinted with a plaque 
indicator (Plaque Test; Ivoclar, Schaan, Liechtenstein) and 
assessed by analogy with PCR.

Overall dental treatment needs were evaluated by use of 
the revised oral assessment guide (ROAG), a global indica-
tor of oral health which enables easy evaluation of dental 
treatment needs by care givers and other dental lay-persons 
by use of a standardized scheme [33]. Use of the ROAG 
enables timely initiation of dentists’ visits and, therefore, 
improvement of dental care for compromised nursing home 
residents. The examination includes assessment of saliva, 
swallow, speech, caries, mucosa, gums, denture retention, 
denture fitting, and denture condition. Each of these aspects 

was evaluated dichotomously (0 = healthy/1 = treatment 
needed; maximum 12 points). High scores therefore imply 
greater dental treatment needs [33].

Statistical analysis

Statistical analysis was performed, at the significance 
level of α < 0.05, by use of SPSS version 23.0 (IBM Corp., 
New York, USA). Mortality (0 = survived, 1 = died) was 
investigated in relation to binary/dichotomized partici-
pant characteristics: age, systemic diseases, medication, 
dementia, care dependency, group membership, number 
of teeth, PCR, DHI, ROAG, and gender. The dichoto-
mization of continuous variables was performed on the 
basis of a median test for each variable (0 ≤ median > 1). 
For bivariate comparison of mortality, chi-squared tests 
were used. In addition, binary logistic regression mod-
els were compiled with the dependent variable mortal-
ity and independent covariates (age, gender, interven-
tion, etc.). One model was compiled for all participants 
(n = 219), one for participants with at least one natural 
tooth (n = 141), and another for participants with den-
tures (n = 163). The last two models were adjusted for the 
dichotomized covariates dental plaque (PCR) or denture 
plaque (DHI), respectively. All variables analyzed in the 
bivariate approach were also considered in the respective 

Fig. 1  Flowchart of partici-
pants Study population (n = 269)

Intervention group
eight nursing homes

(n = 144)

Control group
six nursing homes

(n = 75)

Participants survived
(n = 116)

Participants survived
(n = 51)

Group allocation

12-month follow-up

Excluded: no MMSE 
diagnosis (n = 50)

Implementation of the 
intervention (dental 
education/ultrasonic

baths)
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multivariate analyses, with the exception of the covariate 
“denture status,” for which high autocorrelation with the 
number of teeth was observed in both models for partici-
pants with dentures or natural teeth only.

Results

Study population

The mean (SD) age of the participants was 83.1 (9.0) years. 
Approximately 70% were female. The mean number of 
chronic diseases was 3.4 (2.2), and participants took a mean 
number of 6.5 (3.4) permanent medicaments. The mean 
(SD) Barthel Index for the participants was 49.5 (29.6) and 
the mean (SD) MMSE score was 15.8 (9.1). More than 70% 
of the participants had a removable denture of some kind in 
at least one jaw, and approximately 40% of the sample was 
completely edentulous in at least one jaw. The mean (SD) 
number of remaining teeth among the participants was 7 
(8.4). Mean (SD) PCR was 85.4 (19.4), and the mean (SD) 
number of dental treatment needs was 2.3 (1.3). No differ-
ences were detected between the distributions of age, gender, 
number of diseases, level of care needed, PCR, number of 
teeth, and dental treatment needs in the intervention and con-
trol groups (p > 0.05); MMSE and drugs taken were, how-
ever, significantly different in the intervention and control 
groups (more drugs and lower MMSE in the control group). 
Analysis of data for participants without MMSE variable 
revealed comparable characteristics in both the analyzed 
(n = 219) and non-analyzed (n = 50) groups. The mean age 
of participants without the MMSE variable assessed was 
83.2 (8.8) years (p = 0.937). During the study period 22% of 
the non-analyzed group and 23.7% of the study population 
died (p = 0.793).

Bivariate associations with mortality

During the year of observation 52 of the 219 participants 
died (1-year mortality 23.7%). Analysis of all the partici-
pants revealed that mortality was significantly higher in the 
control group (p = 0.038). During the study period, mortal-
ity in the intervention group was 19.4% (28 participants) 
whereas it was 32% (24 participants) in the control group. 
Eleven (of 144) participants in the intervention group and 
14 (of 75) in the control group died within the first 6 months 
of the study (p < 0.05). Greater age and more dental treat-
ment needs tended to be associated with greater mortality 
(p = 0.067; p = 0.070). Analysis of participants with natural 
teeth revealed that oral hygiene, as measured by PCR, was 
associated with greater mortality (p = 0.049; n = 141). Of 
the 141 participants with natural teeth, 29% of those who 
died had PCR above the median value; only 15% of those 

who died had PCR below the median. For denture hygiene 
(DHI), however, no association with mortality was detected 
(p = 0.661, n = 163). None of the other comparisons of 

Table 1  Bivariate analysis of mortality and dichotomized target vari-
ables (n = 219)

Significant p values are marked in bold
Trends are marked in italics
FDP fixed dental prosthesis, RDP removable partial dental prosthe-
sis, CP complete denture or, for edentulism, no dentures

Number of 
living partici-
pants

Number of 
dead partici-
pants

Percentage of 
dead partici-
pants

p value

Age
 ≤85 98 23 19.0 0.067
 >85 69 29 29.6

Gender
 Female 112 39 25.3 0.415
 Male 55 14 20.3

Diseases
 ≤3 93 27 22.5 0.634
 >3 74 25 25.3

Drugs
 ≤6 91 25 21.6 0.418
 >6 76 27 26.2

MMSE
 No demen-

tia
65 18 21.6 0.576

 Dementia 102 34 25.0
Barthel Index
 <45 75 27 26.5 0.376
 ≥45 92 25 21.4

Group membership
 Intervention 116 28 19.4 0.038
 Control 51 24 32.0

Number of teeth
 <4 87 31 20.8 0.302
 ≥4 80 21 20.1

Denture status
FDP 42 15 26.3 0.361
RDP 63 14 18.2
CP/edentu-

lous
62 23 27.1

Dental plaque (n = 141)
 ≤93.2% 61 11 15.3 0.049
 >93.2% 49 20 29.0

Denture plaque (n = 163)
 ≤85.0% 64 21 24.7 0.661
 >85.0% 61 17 21.2

ROAG
 ≤2 107 26 19.5 0.070
 >2 60 26 30.2
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mortality reached statistical significance (p > 0.05). Detailed 
results from these analyses are presented in Table 1.

Risk factors for 1‑year mortality

The bivariate effect of lower mortality for participants in the 
intervention group was confirmed by multivariate analyses 
for all participants and for participants with natural teeth 
remaining (Tables 2, 3). The effect could not be reproduced 
in the model for denture wearers (p = 0.106). The logistic 
regression model (all participants) revealed a twofold greater 
risk of mortality in the control group (95% confidence inter-
val (CI) 1.0–4.1; p = 0.043). The second model (dentate 
participants only) revealed an even greater risk factor of 
3.5 for participants in the control group (p = 0.009). The 
strength of the association of more dental treatment needs 
(ROAG) with mortality varied from p = 0.033 for denture 
wearers to p = 0.093 for dentate participants. When den-
tate participants, only, were analyzed the covariate age also 
became significant (p = 0.044) with a 2.5-fold mortality risk 

for participants older than the median. In this model, den-
tal plaque, as measured by PCR, lost its significant effect 
on 1-year mortality (p = 0.101). The multivariate logistic 
regression model for participants with any kind of denture 
also revealed an association between the ROAG and mor-
tality (p =0 .033). Age also tended to be associated with 
mortality (p = 0.075). In this model, group membership did 
not affect the risk of 1-year mortality (Table 4). In all three 
models, none of the other covariates affected mortality.

Discussion

The results of this study suggest that some aspects of oral 
health are associated with a greater risk of 1-year mortality 
among nursing home residents, and that oral health interven-
tion might reduce this risk. The risks factors seem to depend 
on dental status (dentate/edentulous), however.

Among dentate participants, besides the protective effect 
of being in the intervention group, age, also, was associated 

Table 2  Multivariate logistic 
regression model with mortality 
as the dependent variable and 
independent dichotomized 
covariates for all participants 
(n = 219)

Significant p values are marked in bold, trends are marked in italics

95% CI

Confounder Odds ratio Lower border Upper limit p value

Age > median 1.7 0.9 3.4 0.114
Female 1.0 0.5 2.2 0.977
Diseases > median 1.1 0.6 2.1 0.797
Drugs > median 1.2 0.6 2.2 0.656
Barthel Index < median 1.1 0.6 2.3 0.714
Dementia 1.2 0.6 2.5 0.613
Control group 2.1 1.0 4.1 0.043
Number of teeth > median 0.9 0.4 1.7 0.599
Denture status 1.3 0.8 2.0 0.222
ROAG > median 2.0 1.0 3.9 0.050

Table 3  Multivariate logistic 
regression model with mortality 
as the dependent variable and 
independent dichotomized 
covariates for dentate 
participants, PCR available, 
only (n = 141)

Significant p values are marked in bold, trends are marked in italics
PCR plaque control record

95% CI

Confounder Odds ratio Lower border Upper limit p value

Age > median (84 years) 2.5 1.0 6.3 0.044
Female 1.5 0.6 4.0 0.423
Diseases > median 1.3 0.5 3.3 0.560
Drugs > median 1.2 0.5 3.0 0.635
Barthel Index < median (50 units) 1.2 0.5 3.1 0.670
Dementia 0.8 0.3 2.2 0.722
Control group 3.5 1.4 8.8 0.009
Number of teeth > median (eight teeth) 0.8 0.3 2.1 0.674
ROAG > median 2.3 0.9 6.0 0.093
Dental plaque > median 2.3 0.9 6.0 0.101
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with 1-year mortality, which is not surprising for this study 
population. Age is also associated with a greater probability 
of more severe chronic diseases, cognitive impairment, and 
care dependency, all of which have been proven to increase 
the risk of mortality [17–19].

Group membership, however, had the strongest associa-
tion with mortality among participants with remaining natu-
ral teeth, which raises questions about the causes. Because 
participants in the control group had lower cognitive abil-
ity one might speculate that this affected mortality. When 
dementia was used as an independent covariate in the regres-
sion analysis it was not significant, however. The same was 
true for the different numbers of frequently taken drugs in 
the groups. Reduction of dental plaque—stable until the end 
of the study—was observed for participants in the interven-
tion group [28]; because more participants with PCR above 
the median died during the study period, one might expect 
this was the reason for the association between lower mortal-
ity and being in the intervention group. This result might be 
explained by studies which reported effects of dental plaque, 
periodontitis, and oral infections on such systemic diseases 
as pneumonia, diabetes mellitus, and cardiovascular diseases 
[7–11] all of which, in turn, increase the risk of mortal-
ity [13–16, 20, 21]. Cardiovascular diseases, for example 
cardiac infarction, and pneumonia are common causes of 
death among elderly people. One might also speculate that 
dental plaque aggravates existing chronic diseases and, 
therefore, results in a greater risk of mortality, especially 
among compromised nursing home residents. The greater 
risk of mortality of participants with the worse oral hygiene 
could not, however, be reproduced in multivariate analy-
sis (p = 0.101). This is probably accounted for by the rather 
small sample size (participants with natural teeth). Another 
interesting result is that denture plaque did not affect mortal-
ity (in either bivariate or multivariate analysis). This might, 
however, indicate that plaque located close to oral soft tissue 

is more likely to promote diseases which, in turn, lead to a 
greater risk of mortality. Another interesting finding is that 
in the multivariate model for denture wearers—in contrast 
with the main model and the model for dentate participants 
only—group membership had no significant association 
with mortality. This, however, also implies that mortality 
is, instead, linked to dental problems.

Because of correlations of mortality with number of 
teeth, nutrition, and dependency suggested in the literature 
[23–27], number of teeth might also have been expected to 
be associated with mortality [25, 26]. In this study, however, 
number of teeth was not a significant predictor of mortal-
ity. Any possible effect might be less important than tooth-
related risk factors, for example more difficult oral hygiene 
for complex dentition and, therefore, probably greater plaque 
accumulation, especially among nursing home residents with 
a high need for care. The opposite positive association of 
better chewing function with more teeth and therefore maybe 
a better nutritional state and lower mortality might have 
compensated for any possible effect. The non-significance of 
the covariate denture status in the main model supports this 
idea. However, the analysis of nutritional parameters would 
have been an interesting issue and should be considered in 
further research.

Despite complicating risk factors, dental-related treat-
ment needs may affect the risk of mortality [22]. When 
Hämäläinen et al. investigated the relationship between 
dental treatment needs and mortality among community-
dwelling elderly people they found a positive association 
between mortality and an urgent need for dental treatment 
[22]. In our study, greater dental treatment needs, evalu-
ated by use of the ROAG, did not affect the risk of partici-
pant mortality, although a substantial trend was observed 
(p = 0.05). When only participants with removable pros-
theses were analyzed, however, dental-related treatment 
needs significantly affected mortality (p = 0.033). Because 

Table 4  Multivariate logistic 
regression model with mortality 
as the dependent variable and 
independent dichotomized 
covariates for participants with 
any kind of dentures (DHI 
available; n = 163)

Significant p values are marked in bold, trends are marked in italics
DHI denture hygiene index

95% CI

Confounder Odds ratio Lower border Upper limit p value

Age > median 2.1 0.9 4.8 0.075
Female 0.6 0.2 1.7 0.334
Diseases > median 0.8 0.4 1.8 0.610
Drugs > median 1.0 0.5 2.2 0.980
Barthel Index < median (50 units) 1.7 0.7 3.9 0.227
Dementia 1.0 0.4 2.4 0.992
Control group 2.1 0.9 4.9 0.106
Number of teeth > median (zero teeth) 1.2 0.5 2.6 0.698
ROAG > median 2.3 1.1 5.2 0.033
Denture plaque > median 0.8 0.3 1.7 0.491
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the ROAG assessment also includes fitting and retention of 
dentures, and mucosal lesions, etc., this instrument might 
be more sensitive for edentulous people, who are prone to 
more compromising oral health problems. Nonetheless, 
with regard to multivariate analysis for all participants, the 
discrepancies between our results and those of Hämäläinen 
et al. might be explained by different definitions of “dental 
treatment needs.” In contrast with our study, Hämäläinen 
et al. used their own definition, in which “pain, infections 
and bad conditions with serious consequences” were defined 
as dental treatment needs.

In summary, the results of our study suggest that oral 
health and systemic health problems are a complex combina-
tion which exacerbate each other. Elderly people with more 
natural teeth might have better chewing function and, there-
fore, better nutrition and greater independence; if, therefore, 
plaque accumulation is also lower for this group, they will be 
at lower risk of mortality [16, 20, 23]. In contrast, worsen-
ing oral hygiene, which is common among elderly people 
as a result of compromised ability to perform dental care, 
leads to greater plaque accumulation and an increased risk 
of caries and periodontitis, which may promote chronic dis-
eases and, therefore, mortality [11, 20]. Being edentulous 
can also be problematic, however, even though dental plaque 
is absent. Ill-fitting and non-retentive dentures can lead to 
malnutrition, resulting in greater dependency and mortality 
[24–26]. This idea is, again, supported by the significant 
association between ROAG and mortality among denture 
wearers found in this study.

Strengths and weaknesses of the study

The sample is a sub-population from a large, representative, 
interdisciplinary study initiated by the Ministry of Social 
Affairs of the state of Baden–Württemberg, Germany, and 
the examinations were performed by calibrated dentists. A 
limitation of the study is that only approximately 20% of the 
residents living in the study nursing homes gave written and 
oral consent or fulfilled the other inclusion criteria (natural 
teeth and/or removable prostheses) and could therefore be 
included into the study. This suggests caution in interpre-
tation and generalization of the results. It is possible that 
participants were more interested in their oral health or had 
more acute dental problems than non-participants. All resi-
dents’ homes who gave consent were included in the study. It 
should be recognized that the comprehensive medical, psy-
chological, and dental examinations were time-consuming 
(~2 h) which definitely led to concerns about participation 
in many cases.

Beside these limitations it should be kept in mind that 
the medical data were extracted from care documentation. 
Furthermore, a shortcoming of the study is that the cause 

of mortality and the exact moment of dying of the nursing 
home residents were not recorded and analyzed in this study.

Conclusion

Despite the limitations of this study, one can conclude, with 
caution, that some oral problems increase the risk of mor-
tality of nursing home residents. The risk factors tend to 
depend on dental status (dentate/edentulous). Among den-
ture wearers, for example, dental treatment needs seem to be 
associated with mortality. For dentate people, especially, age 
seems to be a risk factor while the implementation of inter-
vention programs intended to improve oral hygiene seems 
to be an independent protective factor for 1-year mortality 
of nursing home residents. However, further studies with 
greater sample size are necessary to validate this association 
and to determine specific reasons for these effects.

Acknowledgements We are grateful to all the participants in this 
study, for their patience, and to Altenpflegeheime Mannheim GmbH, 
for their substantial support. We thank the Ministry of Social Affairs 
of Baden–Württemberg (Sozialministerium Baden–Württemberg) for 
financial support of the study. We also thank Ian Davies, copy editor, 
for English language revision.

Author contributions AZ and AJH designed the study and under-
took the statistical analyses. PR and JS were involved in the design 
of the study and in data interpretation. A-LK managed the literature 
searches and wrote the manuscript. All the authors contributed to and 
approved the final paper. All the authors contributed to data analy-
sis, drafting, and critical revision of the paper, and have agreed to be 
accountable for all aspects of the work.

Compliance with ethical standards 

Funding This study was funded by the Ministry of Social Affairs 
(Grant number 2011-EVI-P).

Conflict of interest Andreas Zenthöfer has received research grants 
from the Ministry of Social Affairs of Baden-Württemberg but reports 
no conflict of interest. All other authors report no conflict of interest.

Ethical approval All procedures performed in studies involving 
human participants were in accordance with the ethical standards of 
the institutional and/or national research committee and with the 1964 
Helsinki declaration and its later amendments or comparable ethical 
standards.

Informed consent Informed consent was obtained from each par-
ticipant in the study.

References

 1. Zenthöfer A, Dieke R, Dieke A et  al (2013) Improving oral 
hygiene in the long-term care of the older people—a RCT. Com-
munity Dent Oral Epidemiol 41:261–268



588 Aging Clin Exp Res (2018) 30:581–588

1 3

 2. Zenthöfer A, Baumgart D, Cabrera T et al (2017) Poor dental 
hygiene and periodontal health in nursing home residents with 
dementia: an observational study. Odontology 105:208–213

 3. Rejnefelt I, Andersson P, Renvert S (2006) Oral health status in 
individuals with dementia living in special facilities. Int J Dent 
Hyg 4:67–71

 4. Kassebaum NJ, Bernabé E, Dahiya M et al (2014) Global burden 
of severe periodontitis in 1990–2010: a systematic review and 
meta-regression. J Dent Res 93:1045–1053

 5. Kassebaum NJ, Bernabé E, Dahiya M et al (2015) Global burden 
of untreated caries: a systematic review and metaregression. J 
Dent Res 94:650–658

 6. Wöstmann B, Michel K, Brinkert B et al (2008) Influence of den-
ture improvement on the nutritional status and quality of life of 
geriatric patients. J Dent 36:816–821

 7. Paganini-Hill A, White SC, Atchison KA (2011) Dental health 
behaviors, dentition, and mortality in the older people: the leisure 
world cohort study. J Aging Res 2011:156061

 8. Scannapieco FA, Bush RB, Paju S (2003) Associations between 
periodontal disease and risk for atherosclerosis, cardiovascu-
lar disease, and stroke. A systematic review. Ann Periodontol 
8:38–53

 9. Nazir MA (2017) Prevalence of periodontal disease, its associa-
tion with systemic diseases and prevention. Int J Health Sci (Qas-
sim) 11:72–80

 10. Shangase SL, Mohangi GU, Hassam-Essa S et al (2013) The asso-
ciation between periodontitis and systemic health: an overview. 
SADJ. 68:8 (10–12)

 11. Scannapieco FA, Bush RB, Paju S (2003) Associations between 
periodontal disease and risk for nosocomial bacterial pneumonia 
and chronic obstructive pulmonary disease. A systematic review. 
Ann Periodontol 8:54–69

 12. Kebede TG, Holtfreter B, Kocher T et al (2017) Association of 
periodontal destruction and diabetes with mortality. J Dent Res 
96:56–63

 13. Ajwani S, Mattila KJ, Närhi TO et al (2003) Oral health status, 
C-reactive protein and mortality–a 10 year follow-up study. Gero-
dontology 20:32–40

 14. Ajwani S, Mattila KJ, Tilvis RS et al (2003) Periodontal dis-
ease and mortality in an aged population. Spec Care Dentist 
23:125–130

 15. Adachi M, Ishihara K, Abe S et al (2002) Effect of professional 
oral health care on the older people living in nursing homes. Oral 
Surg Oral Med Oral Pathol Oral Radiol Endod 94:191–195

 16. Awano S, Ansai T, Takata Y et al (2008) Oral health and mortality 
risk from pneumonia in the older people. J Dent Res 87:334–339

 17. Connors MH, Sachdev PS, Kochan NA et al (2015) Cognition and 
mortality in older people: the Sydney memory and ageing study. 
Age Ageing 44:1049–1054

 18. Staekenborg SS, Pijnenburg YA, Lemstra AW et  al (2016) 
Dementia and rapid mortality: who is at Risk? J Alzheimers Dis 
53:135–142

 19. Naseer M, Forssell H, Fagerström C (2016) Malnutrition, func-
tional ability and mortality among older people aged ≥60 years: 
a 7-year longitudinal study. Eur J Clin Nutr 70:399–404

 20. Adolph M, Darnaud C, Thomas F et al (2017) Oral health in rela-
tion to all-cause mortality: the IPC cohort study. Sci Rep 7:44604

 21. Joshy G, Arora M, Korda RJ et al (2016) Is poor oral health a 
risk marker for incident cardiovascular disease hospitalisation and 
all-cause mortality? Findings from 172630 participants from the 
prospective 45 and Up Study. BMJ Open 6:e012386

 22. Hämäläinen P, Meurman JH, Kauppinen M et al (2005) Oral infec-
tions as predictors of mortality. Gerodontology 22:151–157

 23. Furuta M, Komiya-Nonaka M, Akifusa S et al (2013) Interre-
lationship of oral health status, swallowing function, nutritional 
status, and cognitive ability with activities of daily living in Japa-
nese older people receiving home care services due to physical 
disabilities. Community Dent Oral Epidemiol 41:173–181

 24. Caplan DJ, Ghazal TS, Cowen HJ et al (2017) Dental status as a 
predictor of mortality among nursing facility residents in eastern 
Iowa. Gerodontology 34:257–263

 25. Österberg T, Carlsson GE, Sundh V et al (2008) Number of 
teeth—a predictor of mortality in 70-year-old subjects. Commu-
nity Dent Oral Epidemiol 36:258–268

 26. Hayasaka K, Tomata Y, Aida J, Watanabe T et al (2013) Tooth 
loss and mortality in older people Japanese adults: effect of oral 
care. J Am Geriatr Soc 61:815–820

 27. Cousson PY, Bessadet M, Nicolas E et al (2012) Nutritional status, 
dietary intake and oral quality of life in elderly complete denture 
wearers. Gerodontology 29:e685–e692

 28. Zenthöfer A, Meyer-Kühling I, Hufeland AL, Schröder J, Cabrera 
T, Baumgart D, Rammelsberg P, Hassel AJ (2016) Carers’ 
education improves oral health of older people suffering from 
dementia—results of an intervention study. Clin Interv Aging 
11:1755–1762

 29. Folstein MF, Folstein SE, McHugh PR (1975) “Mini-mental 
state”. A practical method for grading the cognitive state of 
patients for the clinician. J Psychiatr Res 12:189–198

 30. Mahoney FI, Barthel DW (1965) Functional evaluation: the Bar-
thel Index. Md State Med J 14:61–65

 31. O’Leary TJ, Drake RB, Naylor JE (1972) The plaque control 
record. J Periodontol 43:38

 32. Wefers KP (1999) Der “Denture Hygiene Index” (DHI). Dental 
Forum 1:13–15

 33. Andersson P, Hallberg IR, Renvert S (2002) Inter-rater reliability 
of an oral assessment guide for older people patients residing in a 
rehabilitation ward. Special Care Dent 22:181–186


	Is compromised oral health associated with a greater risk of mortality among nursing home residents? A controlled clinical study
	Abstract 
	Aim 
	Methods 
	Results 
	Conclusion 

	Background
	Aim
	Methods
	Study setting and intervention implemented
	Socio-demographic and medical data, care dependency, and dementia
	Assessment of oral health
	Statistical analysis

	Results
	Study population
	Bivariate associations with mortality
	Risk factors for 1-year mortality

	Discussion
	Strengths and weaknesses of the study

	Conclusion
	Acknowledgements 
	References


